Aims To assess associations of visual function (VF) and quality of life (QOL) by presenting visual acuity (PVA) and causes of blindness and visual impairment.
Introduction
Recent decades have seen greater recognition of the value of patient-reported assessment of visual function (VF) and vision-related quality of life (QOL). This is because visual acuity (VA) is only one of several visual functions, the others including visual fields, colour vision and contrast sensitivity, and measurement of loss of visual acuity alone cannot capture the impact on abilities to undertake everyday visual tasks [1, 2] . The increased emphasis on functional outcomes in ophthalmology has led to the development of more than a dozen VF instruments over the past 30 years [3] . The majority of the VF assessment instruments elicit patient's judgment about their level of difficulty in completing specific tasks which require vision [1, [3] [4] [5] [6] [7] [8] [9] [10] .
VF has generally been defined as the measure of activities of daily living affected by vision while QOL describes a comprehensive picture of the burden of vision loss [1, 7] .
Data for this study came from the Sri Lanka national blindness, visual impairment and disability survey, and is the first study of VF and vision-related QOL at the national level in Sri Lanka. Clients' perspectives of the impact of loss of vision on their lives are useful for advocacy and prioritizing for priority setting in blindness control programs.
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Methods
A companion paper in this issue details the methodology used in the survey. In brief, multi-stage stratified cluster random sampling was used to identify a crosssectional nationally representative sample aged 40 years of age. All nine provinces and a random sample of divisional secretariats were included. An initial house-tohouse enumeration identified eligible participants who were asked to attend a temporary clinical examination site set up in a convenient location within each cluster. All the core staff underwent intensive training for one week prior to the start of the survey followed by a pilot.
Among the examined participants, a subset was selected to complete the VF/QOL questionnaires. Eligible participants had to meet one of the following criteria: 1. Have a presenting visual acuity (PVA) of <6/18-6/60 in the better eye (moderate visual impairment group); 2. Have a PVA of <6/60 in the better eye with cataract being the cause of visual loss (cataract blind and SVI group); 3. Have a PVA of <6/60 in the better eye due to uncorrected refractive (refractive errors blind and SVI group) 4. Persons operated for cataract in one or both eyes with PVA 6/60 (cataract operated group), and 5. A systematic random sample of 1 in 7 of those with bilateral VA 6/12 ('normal/ near normal vision' group).
Two trained interviewers verified patients' eligibility and administered the VF/QOL questionnaires.
All persons with a visual acuity of <6/12 (< 20/40) in one or both eyes, and where an abnormality was detected had a detailed examination by an ophthalmologist who determined the cause of visual loss.
The following WHO definitions of visual loss were used, based on PVA in the better eye: 6/12 not impaired (or normal/ near normal vision); <6/12-6/18 mild visual impairment, <6/18-6/60 moderate visual impairment; <6/ 60-3/60 SVI, and <3/60 blind [11] .
Visual Function and Quality of Life instruments and validation
The interviewer-administered VF/QOL questionnaires used in this study were initially developed, validated and used in a clinical trial of cataract surgery in India [7] . They have subsequently been used in other studies in Kenya [12] , Mali [13] , Pakistan [14] , Nepal [15] and Nigeria [16] .
The VF questionnaire measures an individual's visual capabilities and has five subscales: general vision, visual perception, peripheral vision, sensory adaptation and depth perception. The QOL questionnaire measures four subscales: self-care, mobility and social and mental wellbeing. Overall, the QOL questionnaire measures the difficulties individuals face in everyday life because of visual loss. The response scale ranges from '0' indicating great difficulty to '3' indicating no difficulty.
The English version of the instrument was translated into Sinhala and Tamil and back-translated into English for validation.
Two trained interviewers working as a team administered the interviews in a private area within the clinical examination site. Each interview took 10-15 minutes to complete.
In accordance with Fletcher's guidelines for scoring the VF and QOL questionnaires [7] , subscale scores were obtained by summing all the responses to questions in a particular subscale. All subscale scores, total VF and total QOL, were linearly transformed to produce a maximum score of 100, with 100 representing the best possible VF or QOL score and 0 representing the worst [7] . Statistical analysis was performed using Stata 13.0 (StataCorp LP, Texas, USA). Cronbach  coefficients were used to assess the internal consistency and reliability of the different subscales in the VF and QOL questionnaires. Anova and t-tests were used to compare means while Chi square was used to test the significance of frequencies. All analyses were performed using PVA in the better eye.
The study protocol was reviewed and approved by the institutional ethics committees of London School of Hygiene and Tropical Medicine, London, UK, the Faculty of Medicine, University of Colombo, Sri Lanka and the Indian Institute of Public Health, Hyderabad, India.
Results
A total of 6713 individuals aged 40 years of age were enumerated. 5779 (86.1%) presented for examination at a temporary clinical site in the cluster or were examined at home if they could not attend the clinical site due to health issues and were willing to be examined. Response rates were above 80% for all socio-demographic subcategories except for males where it was lower (78.9%) ( Table 1 ). There were no significant difference between the mean age of those enumerated (56.42 years) compared to those examined (56.67 years) (t=-1.823; p=0.068) ( Table 1) .
2,306 participants (Male-38.1%; Mean age 61.5±11.0 years) were administered the VF and QOL instruments. 610 had normal PVA with the remainder having varying degrees of visual loss ( Table 2 ) and causes of visual loss (Table 3) .
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The Cronbach coefficients of the multi-item VF subscales and the QOL subscales were greater than 0.8 (VF: 0.9024, QOL 0.9647), indicating satisfactory internal consistency and reliability.
Mean VF scores were linearly related to the category of visual impairment -the poorer the vision, the lower the VF score in all domains (Table 2) . Visual perception, sensory adaptation, peripheral vision, depth perception and total VF scores were significantly higher among those who had normal/near-normal vision compared to all other visual impairment categories. The lowest score was amongst those who were blind. Differences in the mean VF domain scores across the vision categories were statistically significant for all domains ( Table 2) .
Total QOL scores and VF scores for the different domains were linearly related to vision categories with the blind reporting the lowest mean scores overall and for self-care, mobility, social and mental health domains. Selfcare and mobility were only perceived as a major concern by those who were blind. The blind reported significantly higher adverse outcomes in all domains compared to all the other vision categories (Table 2) .
VF/QOL scores for those visually impaired or blind from cataract or uncorrected refractive errors and those previously operated for cataract in one or both eyes, were compared with persons with normal/near normal vision or with moderate visual impairment irrespective of the underlying cause (Table 3) . Persons visually impaired from cataract had the lowest VF and QOL scores overall and in all items/domains. Those with moderate visual impairment, visually impairing refractive errors and those operated for cataract in one or both eyes had comparable VF scores in most domains. Almost all groups had similar difficulty in recognizing very small objects. People with uncorrected refractive errors had problems with contrast sensitivity. It was clear that those operated for cataract had much better outcomes than those visually impaired due to cataract. The least differences were in relation to near vision activities. Differences between the groups on all the VF and QOL questions were statistically significant.
Mean VF scores for visual perception, peripheral vision, sensory adaptation, depth perception and overall mean VF scores were lowest in the cataract blind group (mean total VF score 55.8 ±22.5) followed by the cataract operated (mean total VF score 89.1 ±21.3) compared to the other groups including those with normal vision (p<0.001) ( Table 3) . Those blind or severely visually impaired due to uncorrected refractive errors had marginally better scores than those who had a cataract surgery in one or both eyes.
After adjusting for PVA, lower level of education was the only variable associated with total VF score (Odds ratio 0.7, p=0.01) ( Table 4 ). In contrast, QOL scores were significantly lower in the older age group (OR 4.9, p<0.001) and in the less well educated (OR 0.5, p<0.001) s30
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Discussion
Individuals with the same distance VA may have varying degrees of difficulty in undertaking visual tasks, and the loss of vision may have a different impact on their quality of life. Measuring these parameters, is therefore of value for complementing traditional clinical tests [7] .
Many studies have documented that VF and QOL scores parallel VA measures [10, [14] [15] [16] 18, 19] . For example, in China, best-corrected VA in the better eye was the most important determinant of vision-related QOL [18] .
We observed a linear relationship between level of visual impairment and VF and QOL scores. This means that the worse the vision, the lower the VF and QOL score. Our study corroborates the findings of other studies in many countries such as Malawi [10] , China [18, 19] , Hong Kong [20] , Singapore [21, 22] , Nigeria [16] , Pakistan [14] and India [23] . These studies highlight that the functional and psychological impacts of visual impairment are similar across populations [9] despite differences in culture, roles, levels of social support and access to services. In our study, the impact on VF and QOL was greater for individuals with lower levels of education, which was independent of SES. This finding is difficult to interpret but may reflect poorer coping skills or poorer access to health education or relevant services.
In the present study, the lowest VF and QOL scores were amongst those who were severely visually impaired or blind from cataract. Similar findings have been reported from Bangladesh [17] , China [18] , Singapore [21] and India [23, 25] .
Our results show that the cataract-operated group (even though they had vision >6/60) had significantly lower scores than the normal vision group and also marginally lower than those with refractive error related visual impairment, which probably reflects suboptimal outcomes after cataract surgery [15] also for the one eye operated participants it could be some of them have cataract or other eye problem in the second eye. Only a sub analysis of this group could explain this. In this national survey 345 participants had undergone cataract surgery in one or both eyes (486 eyes) and almost 40% of operated eyes had a PVA of <6/18. Similar findings were also highlighted from a study from Pakistan [14] . These findings show that attention needs to be paid to the quality of cataract surgery to enable patients to lead full and independent lives after surgery.
Even moderately visually impaired persons (PVA <6/ 18-6/60 in the better eye) had poorer VF and QOL scores for almost all the domains than the normal vision group. This shows that any drop in VA has a profound impact on the day-to-day lives of those affected. In the Singapore Malay Eye Study participants with severe unilateral and bilateral vision impairment had significantly worse visionspecific functioning than those with no impairment, regardless of literacy [21] .
There has only been one earlier study in Sri Lanka, which focussed on VF among an elderly population with and without cataract. A limitation of this study is that it did not relate the findings to VA [24] .
Most studies report the use of VF and QOL questionnaires as a means of monitoring the outcome of cataract surgery [4, 6, 7, 12, 15, [17] [18] [19] [20] but these instruments also have the potential to enrich patient-management and follow-up for other eye conditions. For example, in studies from Pakistan [14] , Nigeria [16] and Singapore [22] VF/QOL scores were lower for those who were visually impaired from glaucoma than from cataract. A study in India assessed VF and QOL scores in individuals with a range of eye conditions, showing that VA was an important predictor of low scores in individuals with cataract or retinal pathology but not in those with glaucoma and corneal disease [25] . In our study, the number of individuals with vision loss from glaucoma, diabetic retinopathy or corneal conditions was too low for separate analysis.
Our results show that the VF/QOL questionnaires provide valuable information not only in visual impairment but also for the specific causes leading to visual impairment. The wide variation in scores both within and across the vision categories points to the complementary role of other factors which was highlighted in the present analysis and was alluded to in the results from Nigeria where after controlling for VA, VF and QOL scores were significantly lower among specific groups [16] . Our results show that socio-demographic factors also directly impact VF and QOL scores as adjusting for PVA still showed strong associations.
There are some limitations to our study. As in the study in Nigeria, we did not collect data on co-morbidities (e.g. osteoarthritis, hearing or intellectual impairment etc.), personal and environmental factors (individual's coping ability, social support mechanisms, familial support etc.). Another limitation is that contrast sensitivity, which is recognized to strongly influence visual functioning, was not measured. Since VF/QOL questionnaires depend on participants' self-reported responses, we do not know whether reporting bias played a role. This is the first large population-based study to highlight the importance of VF and QOL among the visually impaired adult population in Sri Lanka. These data can help to prioritize people's need for vision to enable them to undertake regular socially productive and life-enhancing activities in their day-to-day lives. Ensuring that individuals can regain independence and live fulfilled lives after cataract surgery will become even more important given the increase in the ageing population and worsening dependency ratios.
